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Abstract
This study investigated the effects of carob (Ceratonia siliqua L.) pod extract (CPE) on human
endometrial stem cells (ESCs) viability and to examine its impact on mRNA expression of
methyltransferase (DNMT-1, DNMT-3A and DNMT-3B), histone deacetylase-1 (HDAC-1), matrix
metalloproteinase-2 (MMP-2) and cyclooxygenase-2 (COX-2) in endometriotic patients. The ESCs were
derived from endometrium of patients with endometrioma (OMA-ESCs) and deep in�ltrative
endometriosis samples of 10 women with endometriosis associated infertility (E-ESCs) were compared to
the ESCs derived from endometrium of endometriosis free, normal women as control group (C-ESCs). The
metabolic activity of control and case groups was evaluated by treating them with different
concentrations of CPE. In the E-ESCs, treatment with 0.8 and 2 µg/mL of CPE resulted in downregulation
of COX-2 and HDAC-1 compared to the control group (p = 0.02 and p = 0.02, respectively). Treatment with
0.8 µg/mL of CPE decreased MMP-2 and DNMT-3B genes expression (p = 0.02 and p = 0.03, respectively).
Furthermore, COX-2 and DNMT-3A genes were signi�cantly upregulated after treatment with 2 µg/mL of
CPE. Expression of the COX-2, HDAC-1, DNMT-1, DNMT-3A, and DNMT-3B peptides decreased in E-ESCs,
OMA-ESCs and C-ESCs after treatment with 0.8 and 2 µg/mL concentrations of the CPE. The GC analysis
of the CPE resulted in 14 compounds with interactions with the target proteins through the docking
process. In vitro CPE treatment signi�cantly downregulated cell in�ammatory pathway involved in the
pathophysiology of endometriosis and may be a potential agent for treatment of endometriosis.

1. Introduction
Endometriosis is a chronic disorder generally identi�ed by abnormal growth and adherence of functional
endometrial tissue outside the uterine cavity and is a common cause of chronic pelvic pain and infertility
in reproductive aged women. It has been estimated that 20–50% of infertile women suffer from
endometriosis and that 30–50% of women with endometriosis are sub-fertile or infertile (Parasar et al.
2017). Various theories have been proposed to explain the pathophysiology of endometriosis, but no
single theory has been able to provide adequate insight into the exact pathogenesis and process of the
disease (Colon-Diaz et al. 2012).

Over the recent years, there has been growing evidence suggesting that genetic and epigenetic factors
play important roles in the development of endometriosis (Guo 2009). DNA methyltransferases (DNMTs) -
namely DNMT1, DNMT3A, and DNMT3B - which maintain CpG methylation, along with histone
deacetylases (HDACs) play central roles in epigenetic regulation of cancers (Colon-Diaz et al. 2012; Yang
et al. 2011). Since endometriosis exhibits malignant-like features, previous studies found that the
aberrant expression of DNMT1, DNMT3A, DNMT3B, and HDAC1 genes were more prominent in women
with endometriosis (Koukoura et al. 2016; Wu et al. 2007; Xiaomeng et al. 2013).

Over-expression of cyclooxygenase-2 (COX-2), and the subsequent increased prostaglandin E2 (PGE2)
level are the main causes of dysmenorrhea and recurrence of the endometriotic lesions (Buchweitz et al.
2006; Koukoura et al. 2016). Matrix metalloproteinase-2 (MMP-2) is another well-known factor that has
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been shown to be involved in endometriosis development (Huang et al. 2004). MMP-2 contributes to the
degradation of collagens and other components of extracellular matrix and basement membrane,
resulting in disseminated malignancies (Iurlaro et al. 1999) and a similar mechanism is probably involved
in pathogenesis of endometriosis (Chung et al. 2002; Huang et al. 2004).

Various medical and surgical strategies have been used for the management of endometriosis; however,
current approaches are not completely effective and on top of that, bear major side effects (Vignali et al.
2005; Zhao et al. 2015). Therefore, novel medical agents from traditional medicine might prove effective
through targeting the biological pathways involved in endometriosis and seem necessary to be examined
for improving the treatment outcome.

C. siliqua, commonly known as carob, is an evergreen tree belonging to the Leguminosae family, which is
widely grown in Mediterranean countries. It has been used in folk medicine to treat diverse disorders such
as diabetes mellitus, dyslipidemia, and various gastrointestinal ailments (Goulas et al. 2016). C. siliqua is
generally called “kharnoub-e-shami” in Traditional Persian Medicine (TPM) manuscripts and anti-
menorrhagic and anti-infertility activities along with other gynecological bene�ts have been noted for this
medicinal plant (Mobli et al. 2015; Tansaz et al. 2016). Furthermore, this natural product has been used
since old times for improving fertility by indigenous people in Middle Eastern countries (Fata et al. 2019).
C. siliqua’s main constituents are gum, protein, and polyphenols, of which the latter one is mainly
responsible for anti-in�ammatory, antioxidant, and anti-ulcer activities (Goulas et al. 2016; Rtibi et al.
2017). Methanolic extract of C. siliqua as well as its main phenolic compounds, catechin and gallic acid,
have been shown to signi�cantly diminish viability of cervical and breast cancer cells in concentration-
and time- dependent manners (Custódio et al. 2011; Custódio et al. 2013).

To the best of our knowledge, this is the �rst study to investigate the effect of CPE on gene and peptide
expression of DNMT1, DNMT3A, DNMT3B, HDAC1, MMP2, and COX 2 in endometrial stem cells (ESCs)
isolated from women with endometriosis-associated infertility.

2. Materials And Methods

2.1. Ethics and consents
The study was approved by the Institutional Review Board and related Ethics Committee of Shiraz
University of Medical Sciences (Ethics code: IR.SUMS.REC.1397.555). After thorough explanation of the
study design, informed consents were obtained from all of the participants and donors prior to sample
collection.

2.2. Patients and tissue samples
Endometrial stem cells (ESCs) were obtained from endometrium and endometrioma, and deep in�ltrative
endometriosis (DIE) samples of ten women with endometriosis-associated infertility (E-ESCs) and then,
were compared to the ESCs derived from endometrium of one endometriosis free normal woman as our
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control group (C-ESCs). DIE samples were obtained from the rectovaginal septum and deep
retroperitoneal portions of women with endometriosis associated infertility (EAI) and ectopic endometrial
cells were derived from ovarian endometriosis cysts (OMA-ESCs).

Among women with EAI who referred to the laparoscopy clinic of Obstetrics and Gynecology department
at Shiraz University of Medical Sciences (SUMS), ten candidates of laparoscopic endometriosis surgery
were included and those women who had received GnRH agonist, progesterone or other hormones 3
months before the study were excluded. All of the included cases had surgical and histological evidence
of stage III or IV endometriosis, according to American Society of Reproductive Medicine classi�cation
(Canis et al. 1997). Endometrial samples were taken from endometrial cavity as ectopic endometrial cells
by dilatation and curettage (D and C). Also, samples of eutopic endometrial cells were taken from ovarian
endometriosis cysts (endometrioma) and DIE lesions by laparoscopic intervention. Eutopic and ectopic
endometrial samples were taken by laparoscopic surgical team of SUMS. Also, eutopic endometrial cells
were taken from a normal, endometriosis-free woman who was scheduled for a benign gynecologic
surgery by D and C to serve as our cellular control group.

The cellular samples were classi�ed into 3 groups; Group-1 consisted of eutopic endometrial cells derived
from EAI women (E-ESCs), group-2 included the ectopic endometrial cells derived from ovarian
endometriosis cysts and DIE from EAI women (OMA-ESCs) and group-3 which included eutopic
endometrial cells that were taken from normal endometriosis free woman (C-ESCs).

2.2. Preparation of CPE
The CPE were purchased from the herbal market in Shiraz, Iran. The plant material was authenticated in
the Phytopharmaceutical Department of Shiraz University of Medical Sciences, Shiraz, Iran by a botanist
and given a voucher specimen number (PM-1292), which was deposited in the herbarium. The extract
was obtained through the following steps: C. siliqua pods were powdered and sieved through mesh with
the size of 50µm. Then, 100 g of the prepared CPE was added to 500 mL of Ethanol 70% and the
suspension was shaken at room temperature for 24 hours. After �ltration, the supernatant at 200000
µg/mL concentration was stored at -20°C for the next steps of the study.

2.3. Phytochemical analysis: determination of total phenolic
content (TPC)
The total phenolic content (TPC) of the extract was evaluated by Folin–Ciocalteu method (Attard, 2013).
Brie�y, 5 µL aliquot of the extract (at different concentrations in methanol) was mixed with 158 µL dH2O
followed by the addition of 10 µL Folin Ciocalteu’s reagent. Then, 30 µL of 15% sodium carbonate was
added. The mixture was incubated at room temperature for 45 min in the dark and the absorbance was
measured at 765 nm using microplate reader (POLAR star Omega, BMG lantech, Germany). The standard
curve was measured based on the prepared gallic acid standard solution (0, 10, 50, 100, 150, 250 and 500
mg/mL) which revealed the linear regression r2 > 0.99. The phenolic level was expressed as milligrams of
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gallic acid equivalents (GAE) per gram of dry plant extract (mg gallic acid/g dry extract). Assessment of
each sample was done in triplicate (Ardakani Movaghati et al. 2019; Ostovar et al. 2020).

2.4. GC-MS analysis of CPE
After lyophilization of the CPE, it was subjected to the 7890B Agilent Gas Chromatography-Mass
Spectroscopy (GC-MS). Electron ionization (EI) mass spectra with scan range of m/z 50–500 was
obtained using electrons with energy of 70 eV. Moreover, the �lament emission was set out on 0.5 mA.
For GC separations, an HP-5MS UI column with 30 m × 0.25 mm i.d. and �lm thickness of 0.5 µm were
used. Helium was used with the �ow of 0.8 ml/min for EI as a carrier gas. The temperature of GC oven
was set at 5°C/min from 80°C after 3 min since the sample injection and held at 250°C for 10 min. The
transfer line, ion source, and injection port of the gas chromatograph of 5977MSD were maintained at
250°C, 220°C, and 240°C, respectively. The separated compounds were identi�ed using compounds
comparison with the compound data of the National Institute of Standards and Technology (NIST MS
database, 2014) library.

2.5. Determination of antioxidant activity: DPPH + free
radical scavenging assay
The in vitro antioxidant activity was measured based on the decolorization of the DPPH [(1, 1-diphenyl-2-
picrylhydrazyl)] as described previously (Lachkar et al. 2016). Brie�y, 20 µL of crude extract at different
concentrations or quercetin as a positive control was added to 180 µL of 110 µM DPPH radical dissolved
in methanol. The reagent was incubated in darkness for 30 min. Methanol was used as a blank solution.
The pale-yellow color of the reduced DPPH radical was measured at an optical density of 517 nm at room
temperature using microplate reader (POLAR star Omega, BMG lantech, Germany). The volume of
antioxidant required to produce a 50% reduction of the DPPH was recorded as IC50 value. A lower IC50

value con�rmed a stronger DPPH scavenging capacity (Koohi-Hosseinabadi et al. 2017).

2.6. Human endometrial stem cells (ESCs) isolation, culture
and treatment design
The ESCs isolation procedure was based on methods described earlier with some modi�cations
(Fernandez-Shaw et al. 1992). Brie�y, tissues were minced into small pieces of about 1–2 mm3 and
digested in the presence of 1 mg/mL of collagenase type 1(Cat.No.17100-017, Gibco) in Dulbecco's
modi�ed eagle medium (DMEM, Biovet, Bulgaria) containing 10% fetal bovine serum (FBS, Biovet,
Bulgaria), stirred for 1 h. After that, the cell suspension was �ltered through 40 micrometer nylon sieve for
removal of undigested aggregates. Ficoll (REF 002041600, Gibco) was used to remove red blood cells.
The cell suspension was seeded in T25 culture �asks and incubated in DMEM/F12 medium (Sigma-
Aldrich, UK) containing 10% FBS, 100 µg/mL Penicillin, and 100 U/mL Streptomycin (Sigma, USA) until
cells reached 80% con�uency. Then, they were used for subsequent experiments. Interestingly, the DIE
cells did not have any growth and proliferation in the culture medium and no stem cells could be obtained
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from those samples. But the ESC isolation procedure was successfully performed on eutopic endometrial
cells from the EAI, normal control women and also from ectopic ovarian endometriosis cysts (OMA).

2.7. Surface marker characterization
To assess the purity of the cells in three groups (E-ESCs, OMA-ESCs and C-ESCs), �ow cytometry was
used and cells were categorized by expression of cell surface markers at the third passage. The resulting
suspension was washed in blocking solution, cold phosphate buffer saline (PBS) containing 10% FBS, for
20 minutes. Then, they were labeled with FITC (Fluorescein isothiocyanate)-conjugated anti-CD45, anti-
CD90, anti-CD73, and anti-CD31 antibodies (all from Abcam, UK, Cambridge). Subsequently, the cells were
washed twice and resuspended in cold PBS. The percentage of positive or negative cells was evaluated
using a calibrated FACS device (FACS Calibur™, BD Biosciences) and analyzed by Flow Jo software (BD
Bioscineces).

2.8. Multilineage differentiation potential of ESCs
To evaluate multipotency of the isolated cells, they were differentiated into two different mesenchymal
lineages: osteocytes and adipocytes. 1 × 104 cells/cm2 at 3rd passage were cultured in 24 well plates.
Once the cells reached about 80% con�uence, the growth medium was changed to osteogenic medium
(containing DMEM-LG supplemented with 10% FBS, 2 mM L-glutamine, 100 U/mL penicillin, 100 µg/ml
streptomycin, 100 nM dexamethasone, 0.2 mM L-ascorbate and 10 mM β-glycerophosphate) and
adipogenic medium (containing DMEM-LG supplemented with 10% FBS, 2 mM of L-glutamine, 100 U /
mL penicillin, 100 µg/ml streptomycyne, 60 µM indomethacin, 1 µM dexamethasone, 0.5 mM of IBMX
and 5 µg/mL Insulin solution). The osteogenic and adipogenic cells were incubated for 28 and 21 days,
respectively. Half of the medium was replaced every 3 days. For assessment of differentiation, both
differentiated cell lines were �xed in 4% paraformaldehyde, then stained with alizarin red and oil red to
observe differentiated osteoblasts and adipocytes, respectively.

2.9. Assessment of proliferation capacity and cell viability
by 3-(4, 5-dimethylthiazol − 2-yl)-2, 5-dipheyl tetrazolium
(MTT) assay
Proliferation capacity and cell viability of E-ESCs, OMA-ESCs and C-ESCs were determined using the 3-(4,
5-dimethylthiazol-2-yl)-2, 5-dipheyl tetrazolium (MTT) assay (Sigma-Aldrich). Cells were seeded in 96 well
plates at a density of 5000 cells/well. After 24 h incubation, different CPE concentrations (ranging from 0
µg/mL to 20000 µg/mL) were added to the wells and incubated for 1, 3 and 7 days. At the end of each
incubation period, the MTT solution (5 mg/mL) was added to the medium and the cells were further
incubated for another 4 h at 37°C. The MTT solution was replaced with 200 µL of dimethyl sulfoxide
(DMSO) for 30 min. Then, the absorbance was measured at 570 nm using ELISA plate reader (Bio-Rad,
Hercules, CA, USA). The cell viability percentage was calculated using the following formula: (%)=[100 ×
(sample absorbance)/ (control absorbance)]. Each test was repeated for three times. Means of the data
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were calculated and the CPE concentrations of 0.8 and 2 µg/mL were selected based on the viability
results and were compared to the control group.

2.10. RNA isolation and Real time PCR (RT-PCR)
Total RNA was extracted from E-ESCs, OMA-ESCs and C-ESCs after 7 days of exposure to CPE using the
FavorPrep™ Blood/Cultured Cell Total RNA (Favorgen, Ping-Tung, Taiwan), based on its manufacturer’s
instructions. The obtained RNA quantity and quality were measured by the ratio of optical density of
260/280 nm using Nanodrop™ spectrophotometer (Nanodrop; Thermo FisherScienti�c, Wilmington, DE,
USA) and then was stored at ‐80˚C until cDNA synthesis. The cDNA synthesis was performed using
RevertAid™ First Strand cDNA Synthesis kit (Thermo Fisher Scienti�c, Inc., Waltham, MA, USA), according
to the manufacturer's protocols. The synthesized cDNA was used as a template for polymerase chain
reaction (PCR) ampli�cation. The expression levels of MMP-2, COX-2, HDAC-1, DNMT-1, DNMT-3A, and
DNMT-3B were quanti�ed by RT-PCR which was performed using the ABI Biosystems StepOne and the
RealQ Plus 2x Master Mix Green (Ampliqon A/S, Odense, Denmark). Moreover, primers were designed
based on the human DNA sequences, which were found in the gene bank Primer-BLAST online program
(Ye et al. 2012) (Table 1). The housekeeping gene, TATA-binding protein (TBP) was used as a reference to
normalize the expression values. The following quantitative-PCR conditions were used: 10 min at 94˚C
followed by 40 cycles of 15 sec at 94˚C, 60 sec at 60˚C and �nally melt curve stage was done to
determine the speci�city of the product. Additionally, for the con�rmation of the results, Real Time-PCR
products were measured on 2% ultra-pure agarose gel electrophoresis (Sigma, USA) according to the
manufacturer’s procedure.

2.11. Western blot analysis

Western blot analysis was done in accordance with standard procedures demonstrated in previous
studies with slight modi�cations (Zhang et al. 2010). Based on the �ndings of cell MTT cell viability and
proliferation assay, the most effective concentrations of the extracts, 0.8 and 2 µg/mL, were selected and
used for western blot analysis. In detail, the E-ESCs, OMA-ESCs and C-ESCs were treated with extracts and
after 72 h, cells were lysed by RIPA buffer (including: 50 mM Tris–HCl (pH = 8.0), 0.4% Nonidet P-40, 120
mM NaCl, 1.5 mM MgCl2, 2 mM phenylmethylsulfonyl �uoride, 80 µg/mL leupeptin, 3 mM NaF, and 1 mM
DTT) at 4°C for 20 min. After that, the lysed components were undergone centrifugation at 12000 ×g for
20 min at 4°C. Then, Bradford protein assay was used in order to measure protein content of the solution.
After the proteins were transferred to microporous polyvinylidene di�uoride membrane (Millipore, France),
the membranes were incubated in 5% BSA (Sigma, USA) as a blocking buffer for 1 h at room temperature.
At the next step, incubation of the membranes with primary antibodies was performed at 4°C overnight. In
details, the samples were immunoblotted (1:200) with anti-B-actin, anti-MMP-2, anti-COX-2, anti-HDAC-1,
anti-DNMT-1, anti-DNMT-3A, and anti-DNMT-3B (Cell Signaling Technology, Danvers, MA). Tween buffer
was used to wash the membranes 3 times (10 min each) and after the washing process, the membranes
were incubated with HRP-conjugated goat anti-mouse or rabbit secondary antibodies. The excess
antibodies of the membranes were removed through 4 times of wash. Then, according to the
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manufacturer’s catalog protocol of the kit, HRP activities were detected by ECL Plus Chemiluminescence
Reagent (Amersham, Chalfont, UK).

2.12. Computational details

2.12.1. Ligand and Receptor preparation

Sixty-two compounds, detected in the CPE, and six proteins were chosen for docking process. The
PubChem databases of the Protein Database Bank (PDB) was used as the source of the three-
dimensional (3D) structure of ligands and receptors, respectively. Downloaded receptors include COX-2,
MMP2, DNMT3B, DNMT1, DNMT3A and HDAC1 with PDB code of 3nt1, 3ayu, 3�g, 3os5, 4qbs, and 4bkx.
The geometry of ligands was optimized using the HyperChem software version 8.0.10. Preparation of
receptors including removing all non-standard residues, water and original hydrogens, and the addition of
polar hydrogen, charges and bond orders, was performed using Chimera 1.15. Lastly, the format of all
outputs was changed over to the suitable format for the docking process.

2.12.2. Generation of grid

The generation of the grid box is an important step in the docking process. Grid boxes with spacing of
0.375 Å were generated using AUTOGRID, at the position of the active site of each receptor, which was
selected based on the calculation of CASTp.

2.12.3. Study of target proteins-marine derived compounds interactions

Autodock Vina 1.1.2 was used to conduct the docking process to investigate interactions of target
receptors and selected ligands. After completing the docking process, it provided different conformations.
The conformation with the lowest binding a�nity and RMSD ≤ 2 Å was selected as the best one.

2.13. Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics 26 software (SPSS for Windows,
version 26, SPSS Inc, Chicago, Illinois, USA). Results were presented as the means ± standard error of
mean (SEM). Differences between groups were evaluated using the nonparametric Kruskal-Wallis test
followed by the Dunn's test. p-value ≤ 0.05 was considered statistically signi�cant. All of the �gures
prepared with Graph pad prism software (v7.0a, GraphPad Software, Inc., San Diego, CA, USA) except for
the Fig. 1.

3. Results

3.1. Identi�cation of ESCs
The endometrial stem cells in control group (C-ESCs) were plastic adherent cells which showed spindle-
shaped, �broblast-like morphology with radical or helical growth patterns. E-ESCs and OMA-ESCs isolated
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from different patients also presented with typical spindle-shaped and �broblast-like morphological
features. (�gure.1).

The results showed that the human endometrial stem cells in three groups were positive for the standard
mesenchymal markers CD73 and CD90 and negative for the hematopoietic marker CD45 and endothelial
marker CD34 or CD31. Therefore, the surface antigen marker of the endometrial cell culture revealed
relatively homogenous cell population free from contaminant cells.

After culturing the C- ESCs, E-ESCs and OMA-ESCs in osteogenic and adipogenic media for 4 and 3
weeks, respectively; they were positive for both Alizarin Red S and Oil Red O staining. The red brilliant
stain in the culture plate showed the deposition of calcium by ESCs differentiated into osteoblast. The
lipid droplet appeared in the cytoplasm of ESCs, which con�rmed the multipotent capacity of ESCs
(Fig. 1).

3.2. Total phenolic content
Considering that polyphenols are one of the important constituents of the hydrochloric extract of C.
siliqua, TPC evaluation was performed by using Folin–Ciocalteu (F–C) assay. Results revealed the
presence of 18.13 ± 2.47 mg pure phenol in 1 g of the dry extract.

3.3. GC-MS pro�le of the CPE showed anti-cancer and anti-
in�ammatory compounds
Several compounds with different biological activities were observed in GC-MS pro�le of CPE (Figure S1).
In detail, sixty compounds were identi�ed in the extract, four of which had anticancer biological activities
based on previous studies (Table S1). Moreover, four compounds had cytotoxic effects and another four
showed antioxidant properties in accordance with previous studies (Table S1). In addition, six of the CPE
compounds had anti-in�ammatory biological effects which are demonstrated in table S1. Other
biological activities were also observed in the compounds of the extract including antimicrobial,
antiseptic, and muscle relaxant effects based on previous studies.

3.4. DPPH free radical scavenging activity decreased in
CPE
The antioxidant potency and reduction capability of DPPH radicals were determined by reduction in
absorbance at 517 nm induced by antioxidants. The high antioxidant capacity was reported for the CPE
with an IC50 value of IC50 = 0.63 ± 0.11 mgr/mL compared to quercetin as positive control which showed
an IC50 value of 4.62 ± 2.26 µM.

3.5. Some concentrations of CPE decreased cell
proliferation and viability of ESCs at MTT assay
The cell viability percentages of ESCs exposed to various concentrations of CPE after 1, 3 and 7 days
were repeated for three times and the mean values were calculated. CPE concentrations of higher than 2
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µg/mL did not have acceptable ESCs viability after 7 days and were excluded. ESCs’ viability in CPE
concentrations of less than 2 µg/mL were not signi�cantly different. Thus, the concentrations of 2 and
0.8 µg/mL were selected based on the proliferation and viability results for the following gene studies
(Table 2). Kruskal-Wallis test followed by the Dunn's test showed a statistically signi�cant decrese in
proliferation and viability between 2 and 0.8 µg/mL concentrations in C-ESCs as compared to the
untreated (0 µg/mL) group (Table 2).

 

3.6. Gene expression analysis
Total RNA from E-ESCs, OMA-ESMs, and C-ESMs was extracted after 7 days of exposure to CPE, cDNA
synthesis was performed and quantitative-PCR and gene expression levels were calculated. The gene
expression levels at CPE concentrations of 0.8 µg/mL and 2 µg/mL were compared to the control group.
The results are presented in Tables 3 and 4.

Treatment with 0.8 µg/mL of CPE signi�cantly reduced the MMP-2 gene expression in OMA-ESCs (p = 
0.022) but the differences were not statistically signi�cant (p > 0.05) for E-ESCs and C-ESCs as shown in
Tables 3 and 4 and Fig. 2a. COX-2 gene expression was signi�cantly downregulated in E-ESCs and
upregulated in C-ESCs after treatment with 0.8 and 2 µg/mL of CPE, respectively (p = 0.022 and p = 0.022)
(Tables 3 and 4 and Fig. 2b).

The gene expression of HDAC-1 was signi�cantly lowered in E-ESCs after treatment with 2 µg/mL of CPE
(p = 0.022). Although HDAC-1 gene expression was decreased after CPE treatment with both
concentrations in OMA-ESCs but the �gures did not show statistically signi�cant differences from the
control group (p > 0.05) (Tables 3 and 4 and Fig. 2c). When compared to the control group, DNMT-1 gene
expression was decreased after treatment with 0.8 and 2 µg/mL CPE in C-ESCs and OMA-ESCs. However,
the numbers did not show any statistical signi�cance (p > 0.05) (Tables 3 and 4 and Fig. 3a).

 

DNMT-3A gene expression signi�cantly increased by 2 µg/mL concentration of CPE in C-ESCs (p = 0.034).
However, the gene expression after treatment with E-ESCs and OMA-ESCs was comparable to the control
group (Tables 3 and 4 and Fig. 3b).

Treatment with 0.8 µg/mL of CPE reduced DNMT-3B gene expression in OMA-ESCs (p = 0.034). However,
treatment with 2 µg/mL of CPE had no signi�cant effect on DNMT-3B gene expression (Tables 3 and 4
and Fig. 3c).

3.7. Western blot analysis demonstrated that the related
antibodies decreased in E-ESCs, OMA-ESCs and C-ESCs
after treatment with CPE
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Expression of the COX-2, HDAC-1, DNMT-1, DNMT-3A, and DNMT-3B decreased in E-ESCs, OMA-ESCs and
C-ESCs after treatment with 0.8 and 2 µg/mL concentrations of the CPE (Fig. 3). Moreover, expression of
the MMP-2 was also decreased in OMA-ESCs but this result was not observed in E-ESCs and C-ESCs. In E-
ESCs and C-ESCs treatments, the MMP-2 expression increased (Fig. 3).

3.8. Fourteen bioactive molecules in CPE had the highest
a�nity to anti-in�ammatory and anticancer peptides
The GC-MS analysis of the CPE resulted in fourteen compounds whose interactions with six target
proteins were investigated through the docking process. The docking process resulted in several possible
conformations for each ligand-protein complex. The best conformation or the most stable complex had
the lowest binding a�nity, ΔG [U total in kcal/mol]. The results of the docking process have been listed in
Table 3. The binding a�nity of the selected conformation is in the range of -3.6 to -7.8 Kcal/mol.
Diphenyl sulfone; 3,4-dihydro-2(1H)-isoquinolinecarboximidamide; methanone, (1-
hydroxycyclohexyl)phenyl; and 4-imidazolidinone,1-benzoyl-2-(1-methylethyl)-3-methyl had the highest
a�nity to COX-2 with ΔG of -7.4, -7.3, -7.2, and − 7.1 Kcal/mol, respectively. 4-Imidazolidinone,1-benzoyl-2-
(1-methylethyl)-3-methyl; benzene,1,3,5-tris(1-methylpropyl)-; 3.4-dihydro-2(1H)-
Isoquinolinecarboximidamide; naphthalene,1,2,3,4-tetrahydro-1-isopropyl-1,2,4,4,7-pentamethyl-;
naphthalene,decahydro-2,3-dimethyl-; benzoic acid, 4-heptyl-, 4-cyanophenyl ester; and methanone, (1-
hydroxycyclohexyl)phenyl- indicated the highest a�nity to DNMT3A with ΔG of -5.8, -5.6, -5.5, -5.4, -5.4,
-5.4, and − 5.4 Kcal/mol. Diphenyl sulfone; Methanone, (1-hydroxycyclohexyl)phenyl-; 3.4-dihydro-2(1H)-
Isoquinolinecarboximidamide; and 4-imidazolidinone,1-benzoyl-2-(1-methylethyl)-3-methyl showed the
highest a�nity to MMP2 with ΔG of -6.8, -6.7, -6.6, and − 6.6 Kcal/mol. The best a�nity to HDAC1 was
observed for benzoic acid, 4-heptyl-,4-cyanophenyl ester with ΔG of -6 Kcal/mol. The highest a�nity to
DNMT1 was related to naphthalene,1,2,3,4-tetrahydro-1-isopropyl-1,2,4,4,7-pentamethyl- with ΔG of -7.8
Kcal/mol. Pentanoic acid, octyl ester; hexadecane; 2-methyl-5-(1-methylethenyl)-2-cyclohexen-1-ol;
diethyleneglycol dimethacrylate; naphthalene; 9-octadecenoic acid (Z)-, methyl ester; and
naphthalene,decahydro-2,3-dimethyl-; showed the highest a�nity to DNMT3B with ΔG of -7.5, -7.4, -7.4,
-7.2, -7.2, -7.1, and − 7.1 Kcal/mol, respectively. The intermolecular interactions of these compounds are
depicted in Figs. 4A-4X.

4. Discussion

4.1. CPE have anticancer and anti-in�ammatory compounds
The CPE showed 60 bioactive compounds, with anticancer (4compounds), cytotoxic (4compounds) and
anti-in�ammatory (6 compounds) properties (Table S1). The desirable compounds in the current study
were those with anticancer and anti-in�ammatory properties. Some compounds such as Octacosane, 9-
Octadecenoic acid (Z)-, methyl ester, Phenol, 2,4-bis(1,1-dimethylethyl)-, and Naphthalene have shown
potent biological anticancer effects in previous studies (Belakhdar et al. 2015; Lim et al. 2020;
Mallikarjunaswamy and Noushad 2021; Sianipar and Purnamaningsih 2018). Moreover, the
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phytochemical pro�le of the CPE has shown high amounts of phenolic content. Taken together, the GC-
MS and phytochemical pro�les of the CPE demonstrated its potential anticancer effects. In line with the
current study, former studies have reported high amounts of phenolic content and anticancer properties in
the C. siliqua extract (Amessis-Ouchemoukh et al. 2017; Youssef et al. 2013). Moreover, we found anti-
in�ammatory effects in six compounds of the extract as depicted in table S1, which agrees with similar
results provided in previous studies on C. siliqua alcoholic extracts and the reported anti-in�ammatory
(Lachkar et al. 2016; Rtibi et al. 2017), as well as antioxidant, cell cytotoxic, antimicrobial properties of
CPE (Lachkar et al. 2016; Rtibi et al. 2017).

4.2. Ethanol extract of C. siliqua mitigated cell in�ammatory
pathway
The ideal medical treatment for endometriosis has yet to be identi�ed, and current medications are often
accompanied by relatively short-term effects. Besides, these hormonal drugs have many undesirable side
effects and can induce an amenorrhoeic state through developing a hypo-estrogenic environment (Zhao
et al. 2015). Hence, �nding novel treating agents remains necessary for improving fertility and other
complications of endometriosis. The current study evaluated the impact of CPE on expression of genes
related to invasion and attachment (MMP-2), in�ammation (COX-2) and epigenetic mechanisms (DNMTs
and HDAC-1) involved in endometriosis.

Uncontrolled regeneration of free radicals is a critical contributor to aging via attacking various
biomolecules, membrane, lipids, proteins, enzymes, and DNA which leads to oxidative stress and
ultimately cell death. In case of infertility, overproduction of free radicals and oxidative damage can lead
to compromised follicles in endometriosis-associated fecundity impairment (Lin et al. 2020; Sen and
Chakraborty 2011). Antioxidants are stable components which donate an electron or hydrogen to
counteract the effect of free radicals and terminate the chain reaction before molecules are damaged.
Also, the radical scavenging property of antioxidants delays or inhibits cellular damage. Phenolic
compounds are regarded as powerful molecules with a high potential to neutralize free radicals (Gulcin
2020; Kurutas 2016; Lobo et al. 2010). In this study, TPC analysis con�rmed presence of phenolic
antioxidants in C. siliqua, which may be responsible for its therapeutic effects. Also, the hydroalcoholic
extract of C. siliqua was screened for its in vitro antioxidant activity and exhibited promising antioxidant
potency. Phytochemical analysis proposes natural antioxidants as a promising novel therapy to reduce
the endometriosis-associated infertility rate (Lin et al. 2020). Biological activities and pharmacological
properties of C. siliqua may be linked to its high phenolic content especially gallic acid, catechin,
epicatechingallate, epigallocatechingallate, and quercetin glycosides (Oziyci et al. 2014; Rtibi et al. 2017).
Also, biometal co-factors including Cu, Fe, Mn and Zn which are essential for antioxidant enzymes are
found in C. silique (Soleimanzadeh et al. 2020).

In the present study, total RNA was extracted from E-ESCs, OMA-ESMs, and C-ESMs after exposure to
CPE. After cDNA synthesis and quantitative-PCR, gene expression levels were calculated. The gene
expression levels at CPE concentrations of 0.8 µg/mL and 2µg/mL were compared to that of the control
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group. Our data demonstrated that treatment of E-ESCs with CPE suppressed the expression of COX-2
gene. Previous studies have suggested that COX-2 over expression plays a crucial role in not only
endometriosis-associated pain but also in the pathogenesis and development of the disease through the
marked enhancement of in�ammatory mediators (Buchweitz et al. 2006; Lai et al. 2019). Moreover, the
protein expression of E-ESCs, OMA-ESMs, and C-ESMs was evaluated after cell treatment with 0.8 µg/mL
and 2µg/mL of CPE concentrations. The COX-2 protein expression decreased after treatment with both
concentrations, compared to control group.

Endometriosis is an in�ammatory disease associated with various alterations of immune cells and
in�ammatory cytokines. This subclinical in�ammation is mainly responsible for the disease-associated
pain and infertility (Bina et al. 2019). Flavonoids and tannins, as main phenolic compounds found in C.
siliqua, are known to have anti-in�ammatory activities by inhibiting the expression of in�ammatory
mediators, such as cytokines, inducible nitric-oxide synthase (iNOS), and COX-2 (Rtibi et al. 2016). Since
elevated expression of COX-2 in both endometrial and endometriotic cells of women with endometriosis
plays critical role in pathogenesis of pain and infertility (Koukoura et al. 2016), its down-regulation by
CPE may reduce the disease-associated pain and improve the fertility outcome. Further in-vivo studies are
required to investigate these clinical applications of CPE in endometriosis.

4.3. Ethanol extract of C. siliqua reduced epigenetic factors
of endometriosis
A growing body of evidence over the recent years suggest that endometriosis is an epigenetic disorder
(Koukoura et al. 2016). Epigenetic is de�ned as “heritable and reversible changes in gene expression” with
no changes in the DNA sequence (Lu et al. 2006). Two predominant epigenetic mechanisms are DNA
methylation, occurring through DNMTs, and histone modi�cation by HDACs (Colon-Diaz et al. 2012;
Koukoura et al. 2016). In line with previous studies (Szczepanska et al. 2013; Szczepanska et al. 2012),
we observed an increased level of DNMT3A expression in E-ESCs from women with endometriosis in
comparison with women in the control group. However, as reported previously, the role of other DNMTs in
the pathogenesis of endometriosis is still controversial (Szczepanska et al. 2013). Results of the current
study reveal that DNMT-3B gene expression levels can be signi�cantly reduced after treatment with 0.8
µg/mL of CPE. However, gene expression of HDAC-1 was only reduced in CPE-treated E-ESCs after
exposure to 2 µg/mL of CPE and no signi�cant e�cacy of CPE was seen in terms of reducing HDAC-1
gene expression in OMA-ESCs. Moreover, the western blot analysis showed the DNMT-3A and − 3B
proteins expression were decreased in all three cell types after treatment with 0.8 and 2 µg/mL of CPE. In
addition, the HDAC-1 protein expression also showed a decline after treatment with both concentrations.
However, in contrast with gene expression, the reduction in protein expression of DNMT-3B and HDAC-1
was higher after exposure to 2 µg/mL than 0.8 µg/mL of CPE. In this regard, HDAC inhibitors have been
suggested as attractive treatment targets for endometriosis in recent years. In-vitro and in-vivo studies
using human endometrial stromal and epithelial cells and animal models of endometriosis, respectively
treated with different HDAC inhibitors, have shown anti-proliferative activities and reducing impacts on
the lesion size (Liu et al. 2012; Wu and Guo 2008).
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4.4. Ethanol extract of C. siliqua decreased MMP-2
expression as a metastatic associated enzyme
MMP-2 acts as a key enzyme associated with tumor metastasis through degradation of extracellular
matrix components (Iurlaro et al. 1999). MMPs are essential enzymes in the ectopic implantation of
endometrial tissue, and our study revealed that the MMP-2 gene expression level in OMA-ESCs could be
modulated by 0.8 µg/mL of CPE. Moreover, the protein expression of MMP-2 was also decreased in OMA-
ESCs. This downregulation of MMP-2 protein expression was not observed in C-ESCs and E-ESCs. Since
this study claims the effectiveness of C. siliqua in treatment of endometriosis based on in-vitro results,
further well-designed animal and human trials are recommended to achieve conclusive results on the
e�cacy and safety of this natural product in endometriosis. Two noteworthy limitations of our study
were limited sample size and lack of budget to carry out further in vivo evaluations. Moreover, the
antioxidative and anti-in�ammatory effects of C. siliqua have been evaluated recently, but further
biochemical studies are necessary to assess parameters inducing these effects in our study.

Computational study showed not only one speci�c compound had the highest a�nity to different
proteins and it is not possible to introduce a speci�c compound as a most effective compound. A
combination of several compounds can be involved in inhibition of proteins. This difference can be
attributed to the role of conformation and intermolecular interactions in the formation the ligand-protein
complex (Pagadala et al. 2017). According to the docking scores, 14 of 60 studied compounds showed
good a�nity to different proteins. However, among them, three compounds including 3,4-dihydro-2(1H)-
isoquinolinecarboximidamide, 4-imidazolidinone,1-benzoyl-2-(1-methylethyl)-3-methyl, and methanone (1-
hydroxycyclohexyl)phenyl- showed good a�nity to three proteins. As observed in Figs. 1–6, different
interactions containing hydrogen bonds, van der Waals interactions, and hydrophobic interactions play in
the binding of compounds to proteins. Therefore, it can be inferred that the inhibitory effect of CPE is
mostly related to these compounds.

5. Conclusions
C. siliqua may serve as a novel therapy for endometriosis by regulating in�ammation and epigenetics,
mediated through down-regulating cell in�ammatory pathway, metastatic associated enzymes, and
epigenetic factors of endometriosis expression.
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Tables

Table 1.
Real-time PCR primers used for evaluation of anti-endometriotic effects of Ceratonia siliqua L. pod
ethanol extract on DNA methyltransferase, histone deacetylase-1, matrix metalloproteinase-2 and
cyclooxygenase-2 genes expression in endometrial stem cells isolated from women with endometriosis-
associated infertility

Genes Primer sequences Sizes (base pair)

TBP Forward: 5’-GGATAAGAGAGCCACGAACCAC-3’ 139

  Reverse: 5’-TTAGCTGGAAAACCCAACTTCTG-3’  

MMP2 Forward: 5’-TGGATGCCGCCTTTAACT-3’ 87

  Reverse: 5’-TCTTCTTCACCTCATTGTATCTCC -3’  

Cox-2 Forward: 5’-CAAATTGCTGGCAGGGTTGC-3’ 139

  Reverse: 5’-AGGGCTTCAGCATAAAGCGT-3’  

DNMT1 Forward: 5’-GAGAGAGTGCCTCAGCTAAA -3’ 143

  Reverse: 5’-CATGTGAACGGACAGATTGAC -3’  

DNMT3A Forward: 5’-CACCGGCCATACGGTGG -3’ 118

  Reverse: 5’-GGTCTTTGGAGGCGAGAGTT-3’  

DNMT3B Forward: 5’-GCCCATTTGACTTGGTGATTG -3’ 92

  Reverse: 5’-CCGGCCTGTACCCTCATA-3’  

HDAC1 Forward: 5’-GTCCAAATGCAGGCGATTCC -3’ 92

  Reverse: 5’-GAGCAGATCGAGATGCGCTTG-3’  
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Table 2.
Mean ± SD of cell viability of endometrial stem cells (ESCs) by MTT assay results in different Ceratonia
siliqua L. pod extract (CPE) concentrations

MTT day Cell Cell viability in different concentrations of CPE (μg/mL)

0 0.2 0.4 0.8 2

1 E-ESCs 100 ± 0 92.2 ± 11.2 81.8 ± 6.3 86.5 ± 5.4 83.4 ± 6.5

OMA-ESCs 100 ± 0 92.9 ± 10.9 85.7 ± 7.5 96.3 ± 3.4 93.6 ± 12.5

C-ESCs 100 ± 0 123.5 ± 12.3 104.7 ± 9.4 98.0 ± 5.4 96.1 ± 7.6

3 E-ESCs 100 ± 0 91.8 ± 20.9 86.3 ± 15.1 80.2 ± 12.2 83.2 ± 6.0

OMA-ESCs 100 ± 0 106.0 ± 3.2 99.5 ± 5.5 91.4 ± 5.8 96.2 ± 3.0

C-ESCs 100 ± 0 116.1 ± 31.2 88.1 ± 13.7 94.5 ± 13.4 93.1 ± 18.5

7 E-ESCs 100 ± 0 80.4 ± 5.8 76.2 ± 1.2 79 ± 6.3 76.2 ± 2.3

OMA-ESCs 100 ± 0 86.8 ± 6.9 79.8 ± 7.4 74.1 ± 14.7 59.4 ± 29.4

C-ESCs 100 ± 0a,b 88.1 ± 4.4 86.1 ± 8.5 77.2 ± 5.9a 76.9 ± 5.8b

a,b Statistical signi�cance was seen (P<0.05). Abbreviations: C-ESCs, control- endometrial stem cells; E-
ESCs, endometriosis- endometrial stem cells; OMA-ESCs, endometrioma- endometrial stem cells.

Table 3.
The values of binding a�nity (Kcal/mol) of ligands in Ceratonia siliqua L. pod extract to receptors
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Compounds Binding a�nity (Kcal/mol)

COX-
2

DNMT3A MMP2 HDAC1 DNMT1 DNMT3B

(S)-2-Methyl-1-dodecanol -5.1 -3.9 -4.8 -4.4 -4.9 -5

Naphthalene, 1,2,3,4-tetrahydro-1-
isopropyl-1,2,4,4,7-pentamethyl-

-6.7 -5.4 -5.7 -5.2 -7.8 -6.9

1,2-Benzenedicarboxylic acid,
diisooctyl ester

-6.6 -3.8 -5 -4.9 -5.7 -5.7

Naphthalene, decahydro-2,3-
dimethyl-

-6.9 -5.4 -6.1 -4.9 -6.7 -7.1

1-Eicosanol -5.4 -3.9 -5 -3.6 -5.4 -5

1-Ethyl-3-methylbenzene -5.9 -4.9 -5.1 -4.8 -5.9 -6.4

1-Methoxy-2-propyl acetate -4.7 -3.7 -4.1 -3.8 -4.3 -5.3

2,6-Dimethyloctane -4.7 -3.9 -4.6 -4 -4.6 -4.8

2-(Prop-2-enoyloxy)tetradecane -4.8 -4.5 -4.5 -4.5 -5.1 -5.1

2-Butyl-1-octanol -4.9 -4.3 -4.9 -3.7 -5.1 -6.2

2-Dodecanol -5.7 -5.1 -5.4 -5 -5.7 -5.2

2-Hexyl-1-octanol -5.2 -4.1 -4.5 -4.4 -5.3 -6.7

2-methyl-5-(1-methylethenyl)- 2-
Cyclohexen-1-ol

-6.3 -4.8 -5.7 -4.7 -5.8 -7.4

3,4-dihydro-2(1H)-
isoquinolinecarboximidamide

-7.3 -5.5 -6.6 -5.3 -7.2 -5.2

Heptan, 3-ethyl-2-methyl- -5.2 -4 -4.7 -4.4 -5 -5.5

3-Hexadecyloxycarbonyl-5-(2-
hydroxyethyl)-4-methylimidazolium
ion

-5.2 -4 -5 -4.8 -6.5 -6.6

4-Imidazolidinone, 1-benzoyl-2-(1-
methylethyl)-3-methyl

-7.1 -5.8 -6.6 -5.4 -7.3 -5.3

4-Methyldecane -4.8 -4 -4.5 -4 -5 -6.1

9,9-Dimethoxybicyclo[3.3.1]nona-
2,4-dione

-5.5 -4.8 -5.1 -4.5 -5.6 -4.9

9-Octadecenoic acid (Z)-, methyl
ester

-4.5 -3.9 -4.5 -4 -5.2 -7.1

Benzene, 1,3,5-tris(1-methylpropyl)- -6.6 -5.6 -5.9 -5.3 -7 -6.7

Benzene, 1,2,4,5-tetramethyl- -6.6 -5.2 -5.4 -4.7 -6.6 -6.5
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Benzene, 1-methyl-4-(1-methylethyl) -6.4 -5.1 -5.4 -4.5 -6.4 -6.4

Benzene, 1-ethyl-2,3-dimethyl- -6.4 -5 -5.2 -4.4 -6.1 -6

Benzoic acid, 4-heptyl-, 4-
cyanophenyl ester

-6.5 -5.4 -6.2 -6 -6.8 -6.3

Cyclohexanone, 3-(4-
hydroxybutyl)-2-methyl-

-4.8 -4.9 -5.8 -4.6 -6.1 -5.4

Decane, 4-methyl- -4.4 -4 -4.5 -4.2 -4.5 -5.1

Decane -4.8 -3.8 -4.3 -3.8 -4.6 -5.3

D-Glucose, cyclic 1,2-ethanediyl
mercaptal, pentaacetate

-5.5 -4.5 -4.5 -4.9 -5.7 -4.7

Diethyleneglycol dimethacrylate -5.8 -4.6 -5.3 -4.5 -5.6 -7.2

Diphenyl sulfone -7.4 -5.3 -6.8 -5.5 -7.2 -4.8

Dodecane -4.5 -3.9 -4.5 -4.2 -4.7 -5

Dodecanol -4.9 -4.1 -4.7 -4 -4.9 -5.6

gamma-Thionodecalactone -5.1 -4.4 -4.5 -4.1 -5.1 -4.6

Heptacosane -5.3 -3.8 -4 -3.9 -4.8 -4.3

Hexadecane -4.7 -4 -4.2 -4 -5 -7.4

Methanone, (1-
hydroxycyclohexyl)phenyl-

-7.2 -5.4 -6.7 -5.3 -7.2 -5.1

Methoxyacetic acid, 3-tridecyl ester -5.2 -4.2 -4.7 -4.7 -5.4 -4.5

Methoxyacetic acid, 2-tetradecyl
ester

-4.9 -3.9 -4.6 -3.9 -5.3 -4.6

Methoxyacetic acid, pentadecyl
ester

-5.3 -4 -5 -4 -5.3 -4.7

Methyl 3-hydroxytetradecanoate -5.5 -4.3 -5.2 -4.5 -5.6 -7

Naphtalene -6.7 -5.1 -5.6 -4.5 -6.8 -7.2

Naphthalene, decahydro-1,6-
dimethyl-

-6.5 -5.3 -5.9 -5.3 -6.9 -4.7

n-Dodecyl acetate -5.2 -4.1 -5.1 -4.4 -5.1 -5.3

n-Hexadecanoic acid -4.4 -4.3 -4.7 -4.3 -5.2 -4.4

Nonadecane -4.4 -3.7 -5.2 -3.8 -5 -4.5

Octacosane -4.4 -3.7 -3.7 -3.8 -4.9 -4.7

Octadecane, 1-(ethenyloxy)- -5.4 -3.7 -4.5 -4.1 -4.8 -4.4
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Octadecane, 6-methyl- -5.1 -3.6 -4.4 -4 -4.5 -4.6

Octadecanoic acid, methyl ester -5.3 -4.3 -4.3 -4.5 -5 -5.1

Oxalic acid, allyl hexadecyl ester -4.5 -4.3 -4.1 -4.5 -5.5 -5.8

o-Xylene -5.7 -4.5 -5 -3.9 -5.7 -5.1

Pentadecanoic acid, 14-methyl-,
methyl ester

-5.1 -4.2 -4.8 -4 -5.5 -4.4

Pentanoic acid, octyl ester -5.5 -4.1 -4.4 -4.3 -4.8 -7.5

Phenol, 2,4-bis(1,1-dimethylethyl)- -6.8 -5.1 -5.8 -4.8 -7.3 -4.5

Sulfurous acid, 2-ethylhexyl nonyl
ester

-5.1 -4.5 -4.5 -4 -5 -4.8

Tetracosane -4.9 -3.8 -4.4 -3.9 -4.7 -4.7

Tetradecane -5.4 -4 -4.2 -3.7 -4.8 -6.6

Tridecane, 3-methyl- -5.6 -5.1 -5.3 -5.1 -6.1 -4.8

Tridecane -4.6 -3.8 -4.4 -3.6 -4.2 -4.7

Undecanal -4.6 -3.8 -4.6 -4.1 -4.6 -4.9

Undecane -4.6 -3.8 -4.4 -4.1 -4.7 -5

Figures

Figure 1

Cell surface marker and differentiation tests for con�rmation of endometrial stem cells (ESCs). a) Flow
cytometry analyses for ESCs were derived from endometrium of endometrioma patients (OMA-ESCs) and
deep in�ltrative endometriosis samples of women with endometriosis associated infertility (E-ESCs) and
ESCs derived from endometrium of endometriosis free, normal women (C-ESCs) were positive for CD90
and CD73 marker but the expression of CD45, CD31 and CD34 were negative. b) Oil Red O revealed the
presence of lipid droplets in the cells cultured in adipogenic medium. The cell cultured in osteogenic
medium showed Ca2+ deposition after staining in alizarin Red/S.

Figure 2
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Relative mRNA expression level (Mean ± SD) of matrix metalloproteinase-2 (MMP-2), cyclooxygenase-2
(COX-2), methyltransferase (DNMT-1, DNMT-3A and DNMT-3B), and histone deacetylase-1 (HDAC-1) in
endometrial stem cells (ESCs) were derived from endometrium of endometrioma patients (OMA-ESCs)
and deep in�ltrative endometriosis samples of women with endometriosis associated infertility (E-ESCs)
and ESCs derived from endometrium of endometriosis free, normal women (C-ESCs) in different
Ceratonia siliqua L. pod extract (CPE) concentrations. The lines above the columns show signi�cant
differences (p<0.05).

Figure 3

Relative peptide expression level (Mean ± SD) of matrix metalloproteinase-2 (MMP-2), cyclooxygenase-2
(COX-2), methyltransferase (DNMT-1, DNMT-3A and DNMT-3B), and histone deacetylase-1 (HDAC-1) in
endometrial stem cells (ESCs) were derived from endometrium of endometrioma patients (OMA-ESCs)
and deep in�ltrative endometriosis samples of women with endometriosis associated infertility (E-ESCs)
and ESCs derived from endometrium of endometriosis free, normal women (C-ESCs) in different
Ceratonia siliqua L. pod extract concentrations.

Figure 4

The 3D plot of the binding sites and the 2D plot of interactions of DNMT3A, COX-2, HDAC1, MMP2,
DMNT1, and DNMT3B with different molecules in Ceratonia siliqua L. pod extract. Interaction of
DNMT3A with A) A) 4-imidazolidinone, 1-benzoyl-2-(1-methylethyl)-3-methyl; B) benzene, 1,3,5-tris(1-
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methylpropyl)-; C) 3,4-dihydro-2(1H)-isoquinolinecarboximidamide; D) naphthalene,1,2,3,4-tetrahydro-1-
isopropyl-1,2,4,4,7-pentamethyl-; E) naphthalene, decahydro-2,3-dimethyl-; F) benzoic acid, 4-heptyl-, 4-
cyanophenyl ester; G) methanone,(1-hydroxycyclohexyl)phenyl-. Interaction of COX-2 with H) diphenyl
sulfone; I) 3,4-dihydro-2(1H)-isoquinolinecarboximidamide; J) methanone,(1-hydroxycyclohexyl)phenyl; K)
4-imidazolidinone,1-benzoyl-2-(1-methylethyl)-3-methyl. Interaction of HDAC1 with L) benzoic acid, 4-
heptyl-,4-cyanophenyl ester. Interaction of MMP2 with M) diphenyl sulfone; N) methanone,(1-
hydroxycyclohexyl)phenyl-; O) 3,4-dihydro-2(1H)-isoquinolinecarboximidamide; P) 4-imidazolidinone,1-
benzoyl-2-(1-methylethyl)-3-methyl. Interaction of DMNT1 with Q) naphthalene, 1,2,3,4-tetrahydro-1-
isopropyl-1,2,4,4,7-pentamethyl-. Interaction of DNMT3B with R) pentanoic acid, octyl ester; S)
hexadecane; T) 2-methyl-5-(1-methylethenyl)-2-cyclohexen-1-ol; U) diethyleneglycol dimethacrylate; V)
naphthalene; W) 9-octadecenoic acid (Z)-,methyl ester; X) naphthalene,decahydro-2,3-dimethyl-.
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